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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a device for 
controlling a gas turbine, which are capable of restraining a discharge 
amount of NOx with the gas turbine operated in the most appropriate 
condition, even if the temperature and humidity of air change. 
SOLUTION: In the method for controlling a gas turbine having a variable 
inlet blade 6, a variable inlet blade angle making a fuel-air ratio of a 
combustor 2 the most appropriate is derived from optimization control 
processing, in order to constantly optimize the operating condition of the 
gas turbine with the generation of NOx restrained. The variable inlet blade 
6 is for adjusting the derived blade angle. 
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AIMS 

aim(s)] 

aim 1] The control approach of the gas turbine characterized by being the control approach of a gas turbine of having 
adjustable inlet-port aerofoil, computing whenever [ adjustable inlet-port blade angle / which makes the fuel-air ratio 
i combustor the optimal so that the operational status of a gas turbine may become always optimal ] by optimum- 
itrol processing, controlling generating of NOx, and adjusting said adjustable inlet-port aerofoil to whenever [ said 
ustable inlet-port blade angle / which was computed ]. 

aim 2] The control approach of the gas turbine according to claim 1 characterized by adjusting the opening of a fuel 
rtrol valve by feedback control. 

aim 3] The control approach of the gas turbine according to claim 2 characterized by computing a fuel flow to 

enever [ adjustable inlet-port blade angle ] by optimum-control processing, computing the fuel control valve opening 

responding to the computed fuel flow, and amending whenever [ adjustable inlet-port blade angle ] based on the 

ference of said computed fuel control valve opening and the fuel control valve opening by feedback control. 

[aim 4] The control approach of the gas turbine according to claim 3 which carries out as [ interfere / the control to 

j fuel control valve by feedback control and control of the adjustable inlet-port aerofoil by optimum-control 

>cessirig ], and is characterized by controlling said fuel control valve and said adjustable inlet-port aerofoil. 

laim 5] The control approach of the gas turbine according to claim 4 characterized by making gain about amendment 

all. 

laim 6] The control approach of the gas turbine according to claim 4 characterized by making the response about 
tendment late. 

laim 7] Are the control unit of the gas turbine which has an adjustable inlet-port aerofoil, and said control unit is 
uipped with the PI control section and an optimization control section. The fiiel control valve opening command value 
lich cancels the difference based on the difference of a demand output and a generation-of-electrical-energy output by 
id PI control section is generated. By said optimization control section At least, using a demand output, air 
nperature, and air humidity, so that the operational status of a gas turbine may become always the optimal, controlling 
nerating of NOx The control unit of the gas turbine characterized by computing whenever [ adjustable inlet-port blade 
gle / which makes the fuel-air ratio of a combustor the optimal ], and adjusting said adjustable inlet-port aerofoil at 
3 include angle. 

laim 8] Are the control unit of the gas turbine which has an adjustable inlet-port aerofoil, and said control unit is 
uipped with the PI control section, an optimization control section, and a fuel-air-ratio amendment control section, 
le fuel control valve opening command value which cancels the difference based on the difference of a demand output 
d a generation-of-electrical-energy output by said PI control section is generated. By said optimization control section 
> that the operational status of a gas turbine may become always the optimal, controlling generating of NOx using a 
mand output, air temperature, and air humidity at least The control unit of the gas turbine which computes whenever 
idjustable inlet-port blade angle / which makes the fuel-air ratio of a combustor the optimal ], and is characterized by 
nending whenever [ adjustable inlet-port blade angle ] based on a difference with a fiiel control valve opening by said 
imputed fuel control valve opening and feedback control by said fuel-air-ratio amendment control section, 
"laim 9] The control unit of the gas turbine according to claim 8 characterized by said fuel-air-ratio amendment control 
action coming to have a first-order-lag means. 

:iaim 10] The gas turbine facility characterized by coming to have the control device of claim 7 thru/or a gas turbine 
xording to claim 9. 
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TAILED DESCRIPTION 



stailed Description of the Invention] 
01] 

sld of the Invention] This invention relates to the control approach of a gas turbine, and a control unit. It is related 
h the control approach of a gas turbine and control unit which can do operational status of a gas turbine as it is 
^ays the optimal in more detail, controlling a NOx yield with a dry method. 
02] 

ascription of the Prior Art] The effluent control of various harmful matter has been tightened up by the rise of an 
dronmental problem in recent years. It is under this situation and regulation of a NOx discharge has been tightened 
also in a gas turbine. By the gas turbine, much steam jet and many so-called wet methods which carry out water 
action, reduce combustion temperature by that cause, and reduce the yield of NOx are adopted to the combustion 
imber that this toughening of regulations should be coped with. 

>03] However, in a wet method, since a steam and water must be supplied to a gas turbine, steamy supply equipment 
i a water supply system are needed, and there is a problem of inviting buildup of facility cost and buildup of a 
ining cost. Moreover, since such facility power will be provided with the output of the power generating plant 
icerned, it also has the problem that the effectiveness of a generation-of-electrical-energy entire plant falls by this. 
)04] Then, the research of the so-called dry method which reduces the yield of NOx, without performing steam jet 
I water injection, and examination of utilization are made. 

)05] For example, the include angle of the adjustable stator blade of a compressor is changed, and the environmental 
*e mold gas turbine which reduces the discharge of harmful matter at the time of a partial load is proposed by JP,61- 
223, A so that an air-fuel ratio may serve as fixed range. 

)06] When the set-up target rotational frequency is below constant value, in JP,5-106469,A, the include angle of the 
iustable guide vane of a compressor is controlled, and the control unit of the gas turbine which makes low NOx 
inbustion possible is proposed by holding the inlet temperature of a combustor to predetermined temperature. 
)07] The gas turbine control unit for combined cycles which attains low NOx-ization and raises the effectiveness of a 
mbined cycle is proposed by JP,5- 187267, A by carrying out interlocking actuation with the bleeding valve in which 
; compressor inlet-port upstream was made to carry out circulation bleeding of a part of air breathed out from a 
mpressor, and the include angle of the adjustable guide vane of a compressor was prepared on said bleeding line. 
)08] However, the thing concerning the proposal of JP,61-43223,A and JP,5-106469,A also has the problem that 
ange of the temperature of air or humidity is not taken into consideration while it is missing at the view of aiming at 
provement in the overall effectiveness of a gas turbine for the purpose of low [ at the time of the partial load of a gas 
:bine/NOx]. 

D09] Moreover, the thing concerning the proposal of JP,5-187267,A has the problem that change of the temperature of 
• or humidity is not taken into consideration like the above, although consideration is made by the point of aiming at 
iprovement in the overall effectiveness of a combined cycle. 
010] 

roblem(s) to be Solved by the Invention] This invention is made in view of the technical problem of this conventional 
:hnique, and it aims at offering the control approach of a gas turbine and control unit which can control a NOx 
^charge, working a gas turbine in the optimal condition, even if the temperature and humidity of air change. 
Oil] 

leans for Solving the Problem] The control approach of the gas turbine of this invention is the control approach of a 
5 turbine of having an adjustable inlet-port aerofoil, always making operational status of a gas turbine the optimal 
•ntrolling generating of NOx, computes whenever [ adjustable inlet-port blade angle / which makes the fuel- air ratio of 
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>mbustor the optimal ] by optimum-control processing, and is characterized by adjusting said adjustable inlet-port 
Dfoil to whenever [ said adjustable inlet-port blade angle / which was computed ]. 

12] In the control approach of the gas turbine of this invention, the opening of a fuel control valve is adjusted by 
Jback control, for example. 

13] Moreover, a fuel flow to whenever [ adjustable inlet-port blade angle ] is computed by optimum- control 
cessing, the fuel control valve opening corresponding to the computed fuel flow is computed, and yo\x may make it 
end whenever [ adjustable inlet-port blade angle ] in the control approach of the gas turbine of this invention based 
the difference of said computed fuel control valve opening and the fuel control valve opening by feedback control. 
14] In that case, it is desirable to cany out as [ interfere / the control to the fuel control valve by feedback control and 
itrol of the adjustable inlet-port aerofoil by optimum-control processing ], to make gain about amendment small, or to 
ke the response about amendment late, and to control said fuel control valve and said adjustable inlet-port aerofoil. 
•1 5] On the other hand, the 1 st gestalt of the control unit of the gas turbine of this invention Are the control unit of the 
: turbine which has an adjustable inlet-port aerofoil, and said control unit is equipped with the PI control section and 
optimization control section. The fuel control valve opening command value which cancels the difference based on 
difference of a demand output and a generation-of-electrical-energy output by said PI control section is generated, 
said optimization control section Controlling generating of NOx using a demand output, air temperature, and air 
nidity at least, it is characterized by computing whenever [ adjustable inlet-port blade angle / which makes the fuel- 
ratio of a combustor the optimal ], and adjusting said adjustable inlet-port aerofoil at the include angle so that the 
^rational status of a gas turbine may become the optimal. 

)16] Moreover, the 2nd gestalt of the control unit of the gas turbine of this invention Are the control unit of the gas 
bine which has an adjustable inlet-port aerofoil, and said control unit is equipped with the PI control section, an 
timization control section, and a fuel-air-ratio amendment control section. The fuel control valve opening command 
ue which cancels the difference based on the difference of a demand output and a generation-of-electrical-energy 
tput by said PI control section is generated. By said optimization control section Controlling generating of NOx using 
lemand output, air temperature, and air humidity at least, so that operational status of a gas turbine may always be 
ide the optimal Whenever [ adjustable inlet-port blade angle / which makes the fuel-air ratio of a combustor the 
timal ] is computed, and it is characterized by amending whenever [ adjustable inlet-port blade angle ] based on a 
Terence with a fuel control valve opening by said computed fuel control valve opening and feedback control by said 
il-air-ratio amendment control section. 

)17] In the 2nd gestalt of the control unit of the gas turbine of this invention, it is desirable that said fuel-air-ratio 
lendment control section comes to have a first-order-lag means. 

)18] A deer is carried out and the control device of said gas turbine is carried in a gas turbine facility. 
)19] 

unction] Since this invention is constituted like the above, a gas turbine can be worked by the always optimal 
erational status to external condition change of air temperature, humidity, etc., controlling generating of NOx. 
320] 

mbodiment of the Invention] Although this invention is hereafter explained based on an operation gestalt, referring to 
accompanying drawing, this invention is not limited only to this operation gestalt. 

021] A block diagram shows the gas-turbine-power-generation facility with which the control approach of the gas 
rbine concerning 1 operation gestalt of this invention is applied to drawing 1 . in addition, drawin g 1 — setting — 1 — a 
mpressor and 2 — a combustor and 3 — in a fuel control valve and 6, an adjustable inlet-port aerofoil and 7 show an 
justable inlet-port aerofoil actuator, and, as for a power turbine and 4, H shows [ a generator and 5 ] a gas-turbine- 
»wer-generation facility, respectively. 

022] It is known that the basic type of the air flow rate Gc in a compressor 1 and the compressor power Wc is 

pressed as follows. 

023] 

s=Kcmpl and fcmpMB (pic, Av, T2) (1) 
c=Kcmp2 and fcmpEB (pic, Av, T2) (2) 

024] Moreover, it is known that the basic type of the combustion gas flow rate Gt in a power turbine 3 and the power 

rbine power Wt is expressed as follows. 

025] 

t=Ktbnl and ftbnMB (pit, T four) (3) 
r t=Ktbn2 and ftbnEB (pit, T four) (4) 

i026] In addition, if the pressure loss of a compressor inlet port, the pressure loss in a combustor, and the pressure loss 
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turbine outlet are minute, it is a compressor inlet pressure :P 2= turbine outlet pressure :P 5= standard-atmosphere 
« (fixed) and compressor outlet pressure :P 3= turbine inlet pressure :P It is set to 4 and all of pic in a formula (1 ) - a 
nula (4) and pit can be transposed to a compression ratio pi. Hereafter, it explains as pi c=pi t=pi. 
27] Moreover, in a gas turbine, the following mass balances and energy balance are realized. 
28] 

hWf^Gt (5) 
,=Wt-Wc (6) 

29] The following type (7) and (8) are obtained from the above relation. 
30] 

=Ktbnl, ftbnMB(pi, T four)-Kcmpl, and fcmpMB (pi, Av, T2) (7) 
,=Ktbn2, ftbnEB(pi, T four)-Kcmp2, and fcmpEB (pi, Av, T2) (8) 

thermore, it is known that outlet temperature T four of a combustor 2 is expressed with the following type (9). 
31] 

6ur=fT4 (pi, Av, T2, Wf) (9) 

5 [0032] here. 

mation 1] n „_,„„. , ^ 

EtmAnmec, T, : E«*tfiP««> T. s * - M >APS« 

^-tfvfttk W c :E8J«ifc*J 

: Mtk K*., : ffi#> K** : MR* : ft& 

6 0 : EE«WlOlW3**^M» 

)33] Generally the following type (10) is known as a property type showing a NOx yield further again. 
)34] 

quation 2] 

K« • • exp (T./250) • exp (- l&8/x) • f» (W«/0) 
- K'm • exp (Ta/250) • exp (- ia8/x) • (Wt/O) 

035] Said formula (10) can deform like the following formula (1 1) among said formula (10) from the place where it is 
lown that T3 and Gc are expressed with the function of pi, Av, and T2. 
Ox=KTSfOx-fNOx (pi, Av, T2, Wf) (1 1) 

036] From these things, it is understood that the operating characteristic and NOx yield of a gas turbine are expressed 
ith a formula (7), (8), (9), and (1 1). 

037] The technical problem that the yield of NOx will be reduced while working a gas turbine at the optimal 
fectiveness if T2 and x are measured, presumption is now made possible and WL is given as conditions can result in 
e problem which asks for the solution set of the simultaneous equations which make Wf, Av, pi, and T four a strange 
triable. 

■038] Therefore, in order to stop a NOx yield within default value, and to make a gas turbine into the optimal 
^erational status and to make effectiveness into the maximum, a thing like the following formula (12) is selected as a 
srformance index C which makes a fuel flow Wf min. C=Wf7WL (12) 

Tiat is necessary is just to calculate serially a solution of Wf and Av with which a formula (7), (8), (9), and (1 1) are 
iade into an equality constraint, and it is satisfied of the inequality constraint of the following type (13) with nonlinear 
rogramming, such as quadratic programming (SQP). 
)039] 
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x<=fNOxmax(13) 

40] In addition, in a actual gas turbine, although the limit to each control input and quantity of state, for example, the 
it to a fuel flow Wf, a limit of as opposed to [ whenever / adjustable inlet-port blade angle ] Av, and the limit to 
ver-turbine-inlet-temperature T four exist, about these, it can be coped with by adding the following inequality 
straints. 
41] 

a-flow Wf:fWfinin<=Wf<=fWfinax (14) 

; A v : fA vmin<= A v<= f A vmax whenever [ adjustable inlet-port blade angle ]. (15) 
ver-turbine-inlet-temperature T-four: T-four<=fT4max (16) 

42] Thus, according to this operation gestalt, a gas turbine can be worked with the optimal operational status and the 

de optimal fuel-air ratio, controlling generating of NOx. 

43] 

;ample] Hereafter, a more concrete example explains this invention to a detail. 

•44] A block diagram shows the gas turbine to which the control approach of the gas turbine concerning the example 
f example 1 this invention is applied to drawing 2 . In drawing 2 , a sign 10 shows a control unit. In addition, in 
wing J , what attached the same sign as drawing 1 shows the component of the same or resemblance. 
45] A control unit 10 shall be equipped with the PI control section 20 and the optimization control section 30, and 
ill become. 

>46] The PI control section 20 has the opening of a fuel control valve controlled by feedback control like the PI 
ltrol section in the control device of the conventional gas turbine. That is, it is constituted so that the opening 
nmand value of the fuel control valve which supplies the fuel flow Wf which cancels the difference of the demand 
put WLD and the generation-of-electrical-energy output WLG may be outputted. 
)47] Constituting in this way depends the PI control section 20 on the following reasons. 

)48] Although the fundamental object in gas turbine control is to control a load output or a rotational frequency 
thout deflection to the set point, when a gas turbine is controlled only by the optimization control section 30, with a 
;1 flow by the fuel control valve opening command value computed by the modeling error of the gas turbine model 
jd for the optimum control by the optimization control section 30, a possibility that some deflection may arise is in a 
id output or a rotational frequency. Moreover, since optimization count is count repeatedly and count generally takes 
le amount, it has the property that the response of control becomes slow. On the other hand, since control of a fuel 
w must also follow sudden change of a load effect, rapid-response nature is required. Then, in order to satisfy the 
idamental object in gas turbine control and to also secure rapid-response nature, the PI control section 20 is formed as 
aal. 

)49] The optimization control section 30 is carried out based on the demand output WLD, air temperature T2, and the 
humidity x as [ output / whenever / adjustable inlet-port blade angle / the command value (whenever / adjustable 
et-port blade angle / command value) of Av ]. 

350] Next, the optimization processing in the optimization control section 30 is explained, referring to drawing 4 . 
351] An equality constraint is set up by the gas turbine model property type. Specifically, an equality constraint is set 
by the mass-balance type of said formula (7), the energy balance type of said formula (8), the combustor property 
3e of said formula (9), and the NOx generating property type of said formula (1 1). Moreover, an inequality constraint 
set up by the gas turbine employment condition constraint equation. Specifically, an inequality constraint is set up by 
5 NOx yield constraint equation of said formula (13), the fuel control valve operating-range constraint equation of said 
rmula (14), the adjustable inlet-port aerofoil operating-range constraint equation of said formula (15), the gas turbine 
let temperature constraint equation of said formula (16), etc. And the optimization problem (nonlinear form 
timization problem) which can control generating of NOx according to said equality constraint and an inequality 
nstraint while controlling the operational status of a gas turbine the optimal is set up. 

052] Whenever [ adjustable inlet-port blade angle / which optimizes the service condition of a gas turbine ], and, a 
el flow are computed by giving the physical quantity in which measurement or presumption is possible as amounts of 
ocesses, such as air temperature T2 and the air humidity x, as numeric data, and giving various constants, such as a 
rvice condition of a load etc., a working fluid physical-properties value, and a gas turbine property parameter, and a 
irameter as numeric data to this optimization problem, and subsequently applying non-linear optimization 
ogrammings, such as quadratic programming, serially. 

053] However, in this example 1 , since a fuel flow is controlled by PI control like the conventional control, from the 
)timization control section 30, only a command value is outputted whenever [ based on whenever / adjustable inlet- 
>rt blade angle / which was computed / adjustable inlet-port blade angle ]. 
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54] A deer is carried out, whenever [ adjustable inlet-port blade angle / which was outputted from this optimization 
itrol section 30 ], the adjustable inlet-port aerofoil actuator 7 drives, and the adjustable inlet-port aerofoil 6 is 
itrolled by the command value by the optimal include angle. 

55] Thus, in this example 1, since a fuel flow is controlled by the PI control section 20 and the adjustable inlet-port 
ofoil is controlled by the optimization control section 30, the yield of NOx can be controlled irrespective of change 
external conditions, such as air temperature and humidity, working a gas turbine by the optimal operational status. 
■56] A block diagram shows the gas turbine to which the control approach of the gas turbine concerning the example 
f example 2 this invention is applied to drawing 3 . This example 2 comes to change an example 1. In drawing 3 , a 
q 40 shows a fuel-air-ratio amendment control section. In addition, in drawing 3 , what attached the same sign as 
wing 2 shows the component of the same or resemblance. 

)57] A control unit 10 shall be equipped with the PI control section 20, the optimization control section 30, and the 
1-air-ratio amendment control section 40, and shall become. 

>58] Forming this fuel-air-ratio amendment control section 40 is based on the following reasons. 
>59] In an example 1, since the fuel control valve is controlled by the fuel control valve opening command value from 
: PI control section 20, when a modeling error is in the gas turbine model used in the optimization control section 30, 
error will arise between the fuel flow Wfopt computed by the optimization control section 30 and a fuel flow Wf 
xesponding to the fuel control valve opening command value from the PI control section 20. Therefore, when a gas 
bine is controlled using a command value and a fuel control valve opening command value whenever [ from the 
timization control section 30 / adjustable inlet-port blade angle ], it will shift from the fuel-air ratio (the ratio of a fuel 
i air: fuel/air) which it was originally going to control in the optimization control section 30. In order to cancel this 
3, he is trying for the difference of the fuel control valve opening command value from the PI control section 20 and 
j fuel control valve opening command value corresponding to the fuel flow Wfopt computed by the optimization 
atrol section 30 to amend a command value in this example 2 whenever [ from the optimization control section 30 / 
iustable inlet-port blade angle ]. 

)60] The fuel-air-ratio amendment control section 40 Therefore, the fuel control valve opening command value from 
5 PI control section 20 (henceforth the 1st opening command value), The fuel control valve opening command value 
rresponding to a fuel flow from the optimization control section 30 Whenever [ adjustable inlet-port blade angle / 
uch cancels the difference (it is hereafter called the 2nd opening command value) ] A command value It generates (it 
hereafter called the 2nd include-angle command value). The 2nd include-angle command value whenever [ from the 
timization control section 30 / adjustable inlet-port blade angle ] A command value It adds for (calling it hereafter the 
t include-angle command value), and he amends, and is trying to output the value after the amendment after an 
propriate time as an adjustable inlet-port aerofoil opening command value (henceforth an amendment backward 
:lude-angle command value). For example, when plus, i.e., a fuel flow, has many differences of the 1 st opening 
mmand value and the 2nd opening command value, make a command value larger than the 1st include-angle 
mmand value whenever [ adjustable blade angle / which is supplied to an adjustable inlet-port aerofoil actuator ], and 
made to let a fuel-air ratio be a proper thing. 

061] The fuel-air-ratio amendment control section 40 shall be equipped with the conversion means 41 , the PI control 
achine 42, and the first-order-lag means 43 a fuel flow / whenever [ valve-opening / which changes a fuel flow Wfopt 
>m the optimization control section 30 into a fuel control valve opening ], and, specifically, shall become. It is 
epared in order to prevent that control of the fuel control valve 5 by the PI control section 20 and control of the 
justable inlet-port aerofoil 6 by the fuel-air-ratio amendment control section 40 interfere in this first-order-lag means 
., and thereby, control of the adjustable inlet-port aerofoil by the fuel- air-ratio amendment control section 40 will 
come loose. Moreover, the gain of the PI control machine 42 is also set up more smallish for the same reason. For 
ample, to the gain of the PI control section 20 in which the gain of the PI control machine 42 of the fuel-air-ratio 
lendment control section 40 performs fuel control, proportional gain is made about into several [ 1/] to 1 /about ten, 
id the reset time is made into about ten times from several times. 

062] In addition, both setting up the gain of the PI controller 42 of the fuel-air-ratio amendment control section 40 
ore smallish and the thing for which the first-order-lag means 43 is established are for making control loose, they may 
;e the means of these both sides together, and only the means which is one of the two either may be used for them. 
063] Thus, according to this example 2, even if a modeling error is in the optimization control section 30, the 
fectiveness which is not acquired is also acquired in the example 1 that this error is absorbed and a gas turbine can be 
mtrolled. 

>064] As mentioned above, although this invention has been explained based on an operation gestalt and an example, 
is invention is not limited only to this operation gestalt and example, and can be changed variously. For example, in an 
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ration gestalt and the example, although the gas turbine is used for the generation of electrical energy, it may be 
le into the thing for propulsion. However, it replaces with a demand output and a generation-of-electrical-energy 
put in that case, and a demand rotational frequency and a actual rotational frequency are vised. 
65] 

Feet of the Invention] As explained in full detail above, according to the control approach of the gas turbine of this 
sntion, and the control unit, the outstanding effectiveness that a gas turbine can be worked by the always optimal 
rational status is acquired, controlling generating of NOx irrespective of change of external conditions, such as air 
iperature and humidity. 
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